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periments to determine the durability of paints 
varnishes, which experiments were begun in February, , 1895, and were 
ae. made the subject . ofa ‘paper read before this Society on November. 4th, / 
a. 1896. * The } plates described in - that paper had been exposed to the — 
action of sea water in the New York Navy Yard for a period : of six : 
months; those to be described no now were chiefly triplicate sets, one one e set 
which was exposed u under the surface of the sea water in the New 
York Navy Yard. another w was similarly placed i in the Norfolk Navy 
= ‘Yard, while the third was placed in in fresh water, in Lake Sachin 4 
“near Boston, Mass. all were placed in water during th the | last 3 


were in 1 cages toa “lost whic hich was accidentally sunk 


1897. Those at Norfolk end Boston remained untouched 


i te 1898, and more than half the plates were lost; the wmelnier 
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taken out J uly 21st, 1899, after an exactly thirteen 


The the } Navy D was was obtained for: placing the 
» plates i in the Navy Yards, ‘and in this whole matter the writer is under 
great obligations to Naval Constructor '. Bowles and and Assistant 

Naval Constructor R. z= Watt, of the New York ‘Yard, and to to Naval 
Constructor A. wW. “Stabl, of the Norfolk Yard. “The Boston set 


4 was placed t by the courtesy of of Desmond FitzGerald, President, Am. Soc. at 


COE, Engineer of the Sudbury Department, Metropolitan We Water 
"Board of Massachusetts. 


‘The: assistance rendered by these gentlemen was essential to carry- 


4 ing on the e experiments. T The frames or mange, ‘containing the plates of 5d 


‘steel and aluminum which had been painted, were placed in and 


‘removed | from the water by their assistants; the New York plates, on 


dy 
‘removal | from the water, were inspected. by Mr. Bowles and Mr. Watt, 7 7 
also by representatives of some of the technical journals, and by 


ha several ¢ engineers; the Norfolk set was examined by Mr. Stahl land by i 


an expert, under his directions. _ The Engineering Department of 


Metropolitan W ater. Board had a a representative on the ground to 


- -eulties encountered i in getting the plates from the wi water, it was s found | 


inspect the plates at at Lake Cochituate, but, owing to to unexpected diffi- _ 


enient to make a local inspection. 


‘coatings was done Edwa Smith & of New Yok City, 
who paid all the ) expenses incident to the whole work ‘k. Theal aluminum 


: plates were re furnished free of charge by the Pittsburg Reduction Com- 


™ plates: were e suspended i in open cages or and we were in na 


The racks were suspended about 6 ft. below the surface of the water, Da 

_. * but at Lake Cochituate they were laid on the bottom, which + was hard, 

about 20 ft. below | the surface, and the plates w were vertical. Besides 


Wie 
Norfolk. It was suspended. by | two 8-in. galvanized i iron chains, which 


: 4 the and lost at New York, one rack ‘containing 2 25 plates was s lost pat 
_ ted off. ‘ This | gives some idea of the s 


severity of f the exposure. All 
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the salt-water tests it was found that barnacles. and other 


> organisms attached themselves to the lower sides of the plates. In the : 
i ‘7 Nor folk Navy Yard the. action of these was so severe as to destroy the 


paint on the under sides of all the the exception of those 


these w were r removed the coating was to be intact. But) Ww vith this 


only one side of the plates ix in the Norfolk set is described, , the coatings 
on the other side being uniformly destroyed, while in the New York — 


- 

exception, i it should be remembered, in looking over Table No. 1, that zi 7 


- _ Boston sets both sides of the ‘plates | are included i in the ¢ descrip-_ 


varnishes as are mentioned in this paper are by melting, 


at a of 700° to 900° Fahr., certain resinous 18 substances, 


such as” Kauri, Manila an and resins, and the asphaltic 


mineral ‘known as gilsonite ; 100 Ibs. 0 of resin: is usually melted 
— 


a at once, and to this is then added a “quantity of linseed oil, also 
hot, the : amount of which varies according to ‘the kind of varnish 
to be made. If 20 galls. of oil i is used the produet i is ‘called a 20- gall. ; 


7 “- varnish; if 30 galls. , it is a 30-gall. varnish; and so on. a The mixture 


of resin and oil is heated for some hours until | combination occurs, © 


la and the product: is then thinned with spirit of turpentine, which 
is regarded as a vehicle. 4 Varnishes made with 20 galls. of oil, and 


with Manila, Kauri and Zanzibar resins, would be designated as as 


20 M., 20, )K., and 2 20 ae respectively; and so on. Biss Enamel ‘paints are 


made by grinding in these varnishes, exactly as oil paints 
are made by grinding th the same pigments in in linseed oil. ets) 

“a Inasmuch as it has been believed that the process of baking adds x 
to the durability of these coatings, i in a few cases , duplicates we ere pre- 


pared, one of which was baked and the other allowed to dry y at il : 


ordinary temperature, 


‘scheme w: was to 


three varnishes, 20 K. , 30 K. an 40 K, pure raw linseed oil. 


ie 1en, n, for another similar set, these same liquids were mixed, by _ 


grinding w ith w white zinc; another set ‘was prepared with 1 w vhite lead; 

another set with ultramarine blue; another ‘set with graphite; and om 

on. ‘This ought to o show w hether o one pigment i is better than another, 
4 and which vehicle i is the best. a Besides these, plates were painted with — ; 


‘pe 
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re linseed oil, with two of, red lead and 
white zine, , with purple ox oxide of iron (crocus) i in oil, and with Prince e's 
metallic oxide of iron, which is a very well-known yn pigment consisting 


of iron oxide mixed with various silicates, in ail. 
‘Besides these coatings” of known composit , two popular 


idely-known proprietary paints, the Eureka aren and the graphite _ 
paint ‘made by Graphite Manufacturing 


tried. 


was yas made by Edward Smith & Company. The “ x L. No. 2” 
is a “well- known interior varnish. The substanc e indicated by 
initials “D. M. "is Edward Smith & Company ’s “Durable Metal 
ating, which is a varnish ik in which considerable amount of gilson- 


been a cor esponding quantity of “resin. 


a coating to “Durable Metal C Coating,” but ut 


din painting the interior of w 


pipes. P, is the Sabin Pipe Coating, a varnish enamel which 


is baked « on at about 400° F and which has been used on some of 


the largest hy dreulic weeks in ‘this country cand is largely used 


coating pipes 


on United States naval vessels. 8. Keystone” is a well- 
known probably ground slate, ond was to furnish a 


est commercial ul sesquioxide, containing 0 over 95% 6 oxide of f iron. 


The purple o oxide of iron is is oxide which has been subjected to 


in shellac”’ was prepared from a furnished by N 


Constructor Bow les; the shellac is pure “D, | ©. Shellac” in grain 


The paints known as Rabi en’s, McInnes’ and Holtzapfel, 


e-bottom paints were 


y Yard, 


cont ‘Table No. 


aw 
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j 20 K. 20-gall = 3 

80K =80 
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D.M.C. = Durable Metal 
4 8.P.C. - Sabin n Pipe Coating. 


Um. Blue. = Ultenmerine Blue. 


an Z. = White Zine. 
- White Lead. 


= Pure Aluminum. 
= = Aluminum Alloy, 95 per cent. 


plates | used for the purpos je were of uniform size, 1 12 x 20 ins. ; 
of them were aluminum and the steel, in 
c thickness. Since it is well known that aluminum is not acted on by 


a fresh water, the aluminum plates were all put i in the New York and 4 a 


3 Norfolk sets. | ‘The plates numbered from 151 to 163, inclusive, in the 
New York ‘set, correspond to those numbered from 176 to 187, 


in the} Norfolk set, and ¢ are pure aluminum; those numbered from 164 | 


to 175, New Yoek, correspond to 188 to 200, Norfolk, and are aluminum 


7 


plates s alloyed with 5% of other metal. 


Besides 1 these regular sets of plates, a cage containing 24 plates, 
# part steel and part aluminum, which had in 1896 been exposed for six 
" ‘months in the N New York Yard, and are described in the writer’s paper 
in November, 1896, were agein exposed with the New York ost. ‘Halt 
of these were lost by the accident already referred to, but the re- 
mainder are described in Table No. 1. _ Of these, Nos. 104, 105, 113, 
122 an nd 124 are aluminum, *and the ‘wheel. 
guished i in the table by the date (1896) after the number. 
; Ast two entire > cages of of steel plates were lost in the New York el 
4 and one in the Norfolk Yard, the descriptions of the aluminum and — 
the « 1896” ‘plates have been put in the 1e otherwise vacant sp spaces of th a 
“table. ~All the plates, except those coated with Sabin Pipe Coating, 
which had ‘two coats, received three full coats, well dried between 
oats. ‘The red-lead paint used weighed about 35 Ibs. to. the gallon, 


and was on with the plate te ina horizontal position, on | the top ne = 


paper already referred to. reterred 
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r side was painted. steel were all of the grade 


on which becomes rough; little appear, 
are caused by the separation of the last coat from those beneath; a 


finally ‘the undercoat blisters, in which case it is found, almost invar Pe: 


ably, that: rust has formed under the blister. A however, the e coating 


: is. porous—and this : seems to be the case w ith the ordinary oil ‘paints— 
the water reaches the metal and causes rust. ‘This thro ows off the the paint 7 


‘film, the corrosion spreads rapidly i in this Ww ay. 


Protective coatings, such as are applied w ith brush, are of three 


paints, in which the vehicle or liquid part is 


linseed oil (or an inferior substitute) or varnish, at and with this liquid 


portion is mixed mechanically a powdered solid, usually a mineral ~ 
ground t toa fine powder; a 


whieh ym not npn by oxidation as do other oil paints, but s sets | like - 


The linseed oil in ordinary oil paints dries by 1 the absorption. of 
oxy gen to a tough leathery substance, but the film thus for moet is soft 
gummy, and is "Pigment is added to the oil 
three reasons s. It It makes the liquid thicker and more viscous, thus: 


“enabling ‘the operator to put ona thicker film; ‘it makes a harder 


- which will better resist abrasion; and the particles of pig 


r resist abrasi 
to fill up the pores of the film, thus rendering it more continuous. | 


arnish forms a much more continuous Aves film thas oil, 
by s an examination nef: these tests, Ww here the « oil 1 paints shave 
4 failed, without exception, w w nite aos corresponding varnish paints s are, 


not seem to have the oil “paint “samples w 80 


that differentiation among them was impossible. It 


brush. f ctly clean and bright after being brushed 
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be that an inspection would have shown differences, but the 
"present appearance of all these plates is 80 similar that it ne ‘seems emt 
“likely, and the varnish pa paints do not show ‘any great differ- 


was much n ‘more e severe, the red lead had “finally been 


destroyed. Deterioration in in the ense of red tend d seems always to ‘start 
= from centers. In the Boston s set, the red lead seemed to be in . prett 
_ good condition, but would probably not have lasted more tha than ay ae 
OF 80 longer. shows numerous rust spots. ‘The Dlisters blisters all sta 


from the metal. . But most of the varnish paints : are much better than — 


Ast study of the varnishes applied without is geet seems to show 

oh at in the fresh- -water exposure the process ss of baking was, on the 
I 

_ whole, of advantage, but not greatly so. — In the salt water, the 


‘unbaked varnishes were better than the same baked; this 


agrees | with the results recorded in 1896. ‘The Manila varnishes a 
‘distinctly inferior to the Kauri and Zanzibar; the ‘‘Durable Metal. 


4 Coating” is best of all. _ This i a doubtless due, in a large degree, to 
the fact that this: varnish, which is intended especially for the protec- 


en 7 tion of structural steel, ad mase with a heavy body, and the film is of 
@ greater thickness than is - the case with varnishes intended for wood 


a work. . Its composition also” been very car carefully s ‘studied and 


7 designed to secure great durability, which is of much less impestenee 


than other qualities i in ordinary varnishes, 


«By far far the best results, however, with the exceptions to be here- 
7 after noted, were obtained from the best of the enamel paints. fe Here, 


4 also, the Manila varnishes are decidedly inferior, and, , in the opinion 
the writer, these should be excluded hereafter from ai any such taste, 


although they n make a much better “comparative sh showing on wood. 


The extreme aurability 0 of thes is well ‘shown by the ss 1896” "plates 


e air two or 


slate are all alike. ‘The red lead, in the Boston and New York sets, is far 
7 better than any of the oil paints. The mixtures of red lead and white o ba ; 
| 
had ~ 
3 
mar. 
a 
= 
| these were exposed vo ti three months, then they 4 
in the sea water six months, then exposed to the air nearly a year, 
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under water thirteen months, and have since been exposed to the 
air over sixteen months, making a t tal of four years, and they | are 
“still, to all intents, perfect. 


ah, It is true that the air exposures —— been indoors, but it was in a yh > 


 pailding adjacent to a railroad yard, where unprotected i iron a and even — 
nickel steel is covered with deep r rust in tw wo Or three months, a and the 


_ immersion in fresh water has not injured s some of these enamels, and two hy 


years in the excessively se severe exposure at the Norfolk Navy Yard has nas 


“def ft oft Seni ing good condition, a few being practically uninjured. 


at the edges of the 3 In the case of aluminum plates, 
_ seems evident to the writer that some of these coatings, ya, notably the 
“Spar varnish” and the Durable Metal Coating” ” have » been gradu-— 
ally thrown off by corrosion creeping from the age, probably from 
mechanical i injury, wader the varnish, a ‘patch of which 
_ “uninjured and apparently without | deterioration on the middle of the 
plate. ‘This fact should not be lost aight of in considering this matter, 7 
andi is one of the p points # shown by an inspection “ = plates, but not 


: __- Undoubtedly, the most obvious and conspicuous, and the most 


instructive, fact, is the total end absolutely universal failure linseed 


were tried while th the corresponding, varnishes” enamel 


. aon ith the s same Laer are are in fair to ¢ good condition, 


others of greater experience, , that varnish ‘films are much more 


impervious s resistant than any othe ors, The exceptional ‘cases t 


; 7 be noted are : 


First, 


We 

First. —The “Sabin Pipe Coating,” a baked enamel, which i is so : 
uch s superior to the « others as to form a class by itself, an 

Second. —The extraordinary showing made by pure shellac varnish 


_ in the Lake Cochituate te: test. 7 Shellac varnish is simply a ‘solution 


shellac resin, which is chemically an acid substance e, in alcohol. 


‘There are many grades" of shellac ; the one used was what has s fo 
years been known as C.” orange shellac, and it was diss 


Solved in pure 97% grain alcohol. Being an acid: Substance, it is 


attacked and dissolved readily by the ammonia in the atmosphere. 
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we removed easily by soap soap and water. 4 It has never been considered a 


- stand at alli in n the sea- -water es but two } years’ exposure under 20 ft. oo 
? of ' fresh water does not seem to have injured it it sensibly. Ys ‘This his may by be- 


very serious matter, fc for, while in regard it is no better than 
Metal Coating,” which cost 


“much Tess money, 4 shellac varnish has ‘some and exceed- 


d surface of the 
stick | te ouch 


Beran of sufficient durability to b be w rout vais on, will d dry in the 
limited time at our disposal. Now, sheline is dissolved ina vehicle 


Ww rhe +h has an intense affin ity for water, , and it is highly probable that 
a th film of dew will be instantly absorbed, and will certainly be Re 

"removed, by the evaporation of the slightly diluted alcohol; and 


1ellac c, if applied in a thin coat, dries with the greatest rapidity. 


Three coats may be applied i in eight hours. There i is no 


ube 
‘vapor produces intoxication. certainly seems hon. this test as 
4 though ° we would be justified i in u using ‘shellac varnish in such a case. 


—Itis expensive, , of course, and it is ve very ‘likely that th the cheaper grades, 
which are found in ordinary use to be apr much inferior i in durability, 


would not be so ) efficient. any case it would not be n necessary to 


a The metal plates used in these tests were free from rust or scale, 
‘hese test 


7 Be sate it whe where ‘the conditions are such that some equally y good b but slower 


and showed in all cases the bright color of the metal. To prepare 
plates fo for a test, this is ihe only way will give compen 


that we ye do not get o ur metal in in this condition we paint it, ond 


a = mill scale on it. Int the first: place, we ought to get the ~a 
0 Mire’ 


in that clean condition, al the w writer is. “pot without hop 


= + > 
q 
4 
geeasionally, we are confronted with the problem of repainting a sec- 
Ss tion of large water pipe which can be spared from use only a few days. x a 
- The interior of this pipe is damp. The best that can be done with it, 
is to get out most of the visible water, the cold 
metal will always be damp. No ordinary varnish will 
an 
4 
q 
4 
= 
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ing to see the day when it will be done, in the case of permanent struct- 


and secondly, he is satisfied, from mony 3 years’ constant experi- 

ence in such experiments conducted on a most extensive scale, that it is 

a absolutely impossible to to get uniform conditions with rusty metal. A 


‘dozen 1 metal plates, even: if cut “from the same sheet, will not rust 


; one throw off a Seale another will not The mill 


passing it through bending rolls, while it will adhere firmly to 


* another part of the « same plate. If this plate had been cut up and used 


eg an, on, the scale is is always different on the two two sides of a plate. 
oe 
: _ Exposure tests, such as these, are < of much more importance than | 


laboratory tests. ‘The manufacturers paints and varnishes, some all 


whom are probably ‘the best experts: in this: ‘matter, never ever depend on 
any but an exposure test. It is by no “means impossible that ‘rapid 


Is boratory tests may yet be devised, but such crude ¢ ones as have been 

: example, is that with caustic : alkali. ‘This isa substance unknown in 


Nature, and no good paint t will stand j it, while a perfectly ya - 


o far proposed are in most cases of little value. ‘Such a test, for 


paint might be made which would ‘stand very ry well. 


test is of ‘the same sort. It will simply burn up any organics dae 

ands some of the best. linseed oil paints will yield to it most ‘readily 
7 It would hardly be e regarded as a fair test of the comparative health of <o 
dozen human beings: to administer to each of them a couple 


- ounces of nitric acid and keop watch to see which lived longest, yet 
probably each could take | a few drops” of it per day ‘without 


venience. This is about “what many of these so- -called paint tests 


amount to. - Some laboratory 'y tests are of considerable value, but n none 


has frequently been objected to these submarine tests that they 


; : are | of value only as regards the same conditions, and there is some 


justice in such a criticism; ; but it is much w wea anew by the obvious © 


fact that there is a practical between the : fresh- h-water and 


‘4 


‘the difference one of degree only. ‘Andi in the large 
experience of the v writer and his ‘associates, these tests seem to agree 


in general with aerial | exposures, reasonable exception being made in a - ' 


case of coatings intended expressly for marine or for | use. 
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No rust except where dam-|Much rust; coating much|Not much corrosion, but 


aged along edges; many injured coating about 
very st small blisters. i 


i 402-30 K. 


= Lake Cochituate, Boston. — 


Like 401, not ites god. Worse than 404; coating Like 407, but considerably 


Not quite so bad as 405. Like 408, nn a 


301 to 310, coatings not destroyed; all considerably i in- 


jured; blistered in small spots; no considerable cor- 
rosion; 301 worst; 306 and best, 307-8 no not bad. 


~ 305-30 M. 
| 
30640 
Wwe 


a. 


> 
~ 


= 


| 1 (1896)-W. L. in (1896)-W. Z. in 20 M. i 47 (1896)-Spar. 


Some rust along edges; Costing firm and 
otherwise in good — the rest in good con-| very little rust. 
tion. ¢ tion. 


20K. | 18 (1606)-W. OM. 180) 


— a  |Paint hard and firm; in A little corrosion near the} 


20 W. Z. in 30 
Good. No dieters: norust./Two small blisters; other-| 


wise goed. 


New York. 


Good. Some 


— 


| 
q | q 
= 
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bout like 407. 


~“4i2-Raw Oil. 

Surface generally 
roded; many tubercles 


Taste No. 1— ~(Continued). 


418-D.M.C. 


and ¢ edges. 


417-Parahydric. 
umerous 
Good, except where broken spots about in. diam- 


isolated rust 


coating otherwise 


_ good. 


a 4 small a in Coating all on; no blisters. 
outer 


practically gone; 
rusted. 


coat chiefly; very 
_ little > corrosion. 


Like 8 813. 
7) 


Coating destroyed; very 
badly rusted. 


s15-D. M. Cc. 


Like 313. 


1896 )-Spar, one side 


Ver few small blisters, 
otherwise 


104 (1896)-W. Z. in 20 K., 
one side baked. 


124, 
122 er W. Z. in 20 K., 
one side 
La >, » 
182, 


105 (1896)-Chromium ox- 
ide in 20 ‘K., one side 
baked. 

A few blisters; otherwise i in 
excellent condition. _ 


31 &Parahydric. 


Like 
9-Parahydric. 

$20-Parahydric. 


‘817-Parahydric. 


= 


Like 317. i 


“Like 817. 


New 


“Yard 


4 Navy 


— iz 
: 
0 
Very excellent condition.| «Like 418, Liked, 

= 

iia 


425-W. Z. in 20 K. in 20M. 
ing is in one or two places Half the surface, alongthe|Outer layer of coating 
broken at edge with cor-| edges, _blistered, nearly destroyed; under) 
_|_rust underneath. coat good. 


Z. in 30K. 429-W. Z. in 30 M. 
ihe 


421, A few slight rust 
outer coat blistered. 


Lake Cochituate, Boston, 


4 Good condition; some blis- stent: one. fifth rusted; 
ters in outer layer of thin rust. Blistered: 


P.C. 335-W. Z. in 20K AL No.2. 
P 


-erfectly ood condition. Blistered; not very good, Coating all gone, 


Like 821. Three- fourths, of coating Two-thirds of coating gone, 
is destroyed; thin rust, ut one-third in the 
Like 321. |One-fifth gone, one- atth 


> 


\One-tenth on one 
edge; remainder all right. 


154 A-L. X. 


ly arnish half gone. -Cor- 
rosion not deep. 


“Bi A-20K, 155 A-Spar. 


Blistered along edges and Most. of the varnish soft, 

few spots. Varnish but some not affected.| 
firm. Little corrosion. Not badly corroded. 
IK va N 

"157 A-D. M. C. 

Much = corrosion; some Twenty per cent. ieiend 

| deep. Coating half gone; around edges. Coating 

- remainder firm. firm; not much corrosion. 

Bxeellent. Coating not in- 

ae corroded; .coating, jured, except by acci- 

i anys all all destroyed. | dent in removing ‘from 


Navy Yard, New York, 


il 

q 
+a 


No. 


~ 431- Z. in  Z. 


436-W. Z. in 20 K., baled. 


439-W. ‘Z.in baked. 


Not much rust; outer coat! Almost perfect; still hil Good; coating brittle in 
places and shows de- 
terioration. 
440-W. Z. in 30 M., baked. 
_ A little better than 439, 


badly blistered; under 
coat slightly so. ial 
482-W- Z. in 30 Z. 
Better than 431. Outer cont 
blistered. 


surface of varnish.| 


aw. Z. in 30 K., baked. 


Like 436, 


432, 
435-W. Z. in Raw Oil. 


Four-fifths surface 
badly rusted; deep cor- 
_Tosion. 


A- P. C. 


Perfectly good condition. 


Like 436, 


Z. 
Fine; no rusting nor nor ' blis 


A-W. Z. in 40 K. 


Like 184, but discolored. 
-W. Z. in 30 2 


4 “Coating all gone. 
189 AA-30 K. 
Three-quarters gone; small 
patch in the middle all 
right. 
190 AA~40 K. 


| Hale gone} ‘like 189. 


. in Spar. ‘ 


Not deeply corroded. Sev- 


eral large blisters; other- 


wise in good condition. 


» 


‘Coating all goes. 


18 


Three- quarters: gone; like 


-Spar. 


Like 192, 


194 
| 14 AA-D. 


One-third badly blistered 
remainder 


Navy Yard, E 


from edges; 
good. 


| 167 AA-I. X. L. No. | 


Considerable blistering an ” 


corrosion. Coating easily 
scraped off. 


160 A-W. Z.in30K. 

Upper side pertoct: 

y bli 
ard. 


tered. 


Nob ‘blisters; otherwise like 


lower| Badly 


-20 
164 AA-20 K. 


corroded ; 
fourths of th 


destroyed. 
A-30 K 


Like 164.AA. 


162 A- W. 


8 
ba 


other soft. 


three-| Like 167, but not badly cor- 


ly corroded, Coating|Many blisters: 

on one side firm; on the 


168 AA-Spar. 


we 


~ 169 AA-D. M. 


very little 
corrosion; coating gen-| 


Yard, New York. 
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No. 1— (Continued). 


baked. ; 445-W. 


Very little corrosion. Some 
perfect. superficial b blisters. 


| ow. 43-W. Z. in 30 Z. baked. 


Moen no rust; blisters Good condition; no sail 
superficial and few. Some superficial 
“444-W. Z. in Spar, 4% in 40 


Like 448, or Like 446. 


ALUMINUM. 


449-Um. Blue in 20 K. - 


Considerable rust; mot 
deep; 
destroyed 
450 Um. Blue in 90K. a 


A little worse than 449, i 


practically 


@i-Um. Blue | 


Worse than 449; deep rust. 


in L. in Raw Oil. 


about half the plate in 


good condition. 


19 AA-W. Z. in 30 K. WAALS. 
Good; blistered a ‘little | on Blistered a_ little from 


the edges. edges; otherwise all 
Tight. 
196 -W. Z. in 40 K. 


~ 200 AA-S. P. Cc. 


Ping, but "discolored; Like 199, « 
“197 AA-W. Z. in we x 


~~ 
Fine, but blistered a a little 


“798 AA-W. Z. in Spar. Spar. 


A 


> 
o 
a 


20m Blue in Raw Oil. 


Like 451; whole surface 


351-Um. Blue in 40 K. 


Nearly all gone. 


$52-Um. Blue in Raw Oil. 
[teary all gone; very 


badly rusted. 


Navy Yard, New 


171 AA-W. Z. in 40 K. 1% AAS. P. C. 
Good, but not ‘Like 174, 


AA-W. Z. in 
__ 


tion. 


30 Z. we 

No corrosion; no eo 
excellent condition, 


(178 AA AA-W. Z. in Z. in Spar. 


About like 172. 4 


Very small an 


corrosion. 


very little 


22-Um. Biue in Raw “252-Um. Blue in Raw Oil. 


-|Uniforml y corroded; 


ing all gone. 
lies 


of 


7 


— 

3 — 
— Pa ie 

Ag 

— 

ry 

| 

| 

—— 

| 


453-Graphite in 2 K. 457-Keystone in 20 K. Ss 461-Iron Oxide in 20 K. 


{Very good; some Good condition; _no rust;| Very little rust; small blis- 


blisters. some small blisters. ters in outer coat. 
454-Graphite in 30 K. in 80K. | 462-Iron Oxide in 30K. 


Like 453, 457. Better than 461; no rust. 


455-Graphite in 40 K. Keystone in 0K in 40 K. K (Iron Oxide in 40 


A little rust; many small Like 462, 


superficial blisters. 
i il.| 464- Oxide in Raw Oil) 
ae po prety Badly and deeply rusted; Corrosion deep and om 
rusted; about one tenth; patches of t still) eral; paint all gone. 
of the paint still good. good. 


$53-Graphite in 20 K. 367-Keystone in 20 K. 361-Iron Oxide in 20 K. 
Three-quarters gone; much /|Coating blistered and one-|Pretty good condition; al 


n30K. Keystone in 30 K. ide i 30 K, 


‘Lake Boston. 


Navy Yard, Va. 


Half gone; rust. Blistered, but Not quite as good os 361. 


363- in 40 K, 


ne-quarter gone, ‘|Blistered, but 861. 


856-Graphite in Raw wes 800-Keystone in Raw Oil. Oxidei in Oil) 
Nearly gone; All, gone; badly rusted, a Like 


in2t0K. n20 a Iron Oxide in K 


A few blisters; very little No corrosion; _ numerous Blistered, but not very| 
corrosion. very small blisters. | badly. Not: much corro- 

“Graphite in30K. in30 K. 262-Iron Oxide in 30 
Like 253, i Like 261. Not deeply 7 


%65-Graphite in40K. 250-Keystone in 40 K. 268-Iron Oxide in 40 K. 
corrosion. Paint in Like 257. Like 262. 
condition umer- tare 


256-Graphite in Raw Oil. 260- -Keystone in Raw Oil. Oxidein Raw Oil. 


Navy Yard, New York. 


Uniformly corroded; coat- destroyed a Like 260, 200, R 


a 


a 


— 

. 

| 

| 

{ 

— 


{ Taste N No. 1— 


| 465-Red Lead in Raw Oil. 
Paint still tough; looks 
well. Blisters from the 
bottom with aa cor- 
rosion beneath 


4 


5 


| 469-Eureka Paint. 


General corrosion; paint) 

entirely destroyed. 


(Contin 


rt. 


a 


470-Detroit raphite. 
ike “469; 


t nearly alll 
destroyed. 


L 


467-Prince’s Metallic in 
Raw Oil. 
|About one-quarter deeply 
rusted; paint practically) 
all gone. 


wake Cochituate, Boston. 


ide i 


I 


)xide in Raw 


472-Iron Oxide in Shellac 
| 


Good condition; 1; about 2% 


365-Red Lead in Raw Oil. 


Coating _destroyed; plate 
adly rusted. 


= 


369- Paint. 


865. 
870-Detroit Graphite. 
Like 365, 


Like 965. 


$72-Iron Oxide i in 


Paint destroyed; general, 
but not deep corrosion. 

$73-Rahtjen’s Paint. 


365, 


475-International Holtz. 


pfel. 


Like an. 


477-Red Lead and W. Z. W. 


in Raw Oil. Zs 

Many deep rust - spots; 

about 5%; remainder 
good. 
~ 478-Red Lead and W. Z. i 

ot. 

Like 477. ot nearly as 
_ good as 465, . 


Like 87 Like 


375-International Holts: 


377-Red Lead and W. Z. 

Raw Oil. 


Like 365, 
and W. Z. 
in naw 


Like 365. 


| 


destroyed. 
Considerable corrosion. 


4 


| 269-Eureka Paint. 
Like 260. ‘ 


~ 270-Detroit Graphite. 


Like 260. 


In good condition; — no 
barnacles. 

~ -International Holtz- 

Paint badly gone; much 

barnacles. 


| 267-Prince’s Metallic in 
Oil. 


968-Purple Oxide in Raw 


—— 


Navy Yard, New York. 


Oxide in Shellac] 

mixture. = 

A few blisters; otherwise 
in good condition. 


Paint badly gone; consid- 


small barnacles. 


277-Red Lead and W. Z. 
in Raw Oil. 
Coating thin; gone in 

many places; consider- 

_able corrosion. 

Z. 


~~ 278-Red Lead and W. 
in Raw Oil, 


277 
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484-30 M.,baked. = | 487-1. X.L. No. 2, baked. 
Practically rae coat. Several deep spots of rust, 
ing still glossy. adly bli 


Like 481. x ik Badly deeply 
fifths of the surface 


| ~@6-Spar, baked, ML. baked. 


Fine; a few small blisters) 


inthe outercoat. 
the outer coat ee 


~ 881-20 K., baked. 884-80 M. , baked. 


4, 


stroyed; the rest good. es 
Not much rust. 


“382-80 K., baked. 30 Z., baked. 388-Raw Oil, baked 


Four- fifths destroyed; ver very| 


383-40 K., baked. Spar, bak 
Like 382, Nearly all gone; uarters gone 3. re- 


Navy Yard, Norfolk, Va. 


aked, 284-30M., baked. L. No. 2 baked. baked .| 
thinly rusted along Many small and some me- ver very 
the edges. | badly -sized blisters. Not small blisters. 


Small blisters, with thin nade dition. Very little Badly corroded. i Coating 
rust beneath, over mos Very small blis- 
of the plate. ters, 
3-Spar, baked. 


Very blisters ; “not Coating “badly Very many small blisters. 


much rust. | much corrosion. Not very much corrosion. 


Navy Yard, New 


4 


® 


+ 

41 

| 

| 5-30 Z.. baked. | 488-Raw Oil, baked. 

387-1. X. L. No. 2, baked.) — 

= 

a 


DISCUSSIO N. 


Mr. Buck. a ee L. Buck, M. Am. Soc. C. E.—Have any of the specimens been — 


ey tested by being placed in salt water so as to be exposed part of the 
time, and part of the time not ; exposed 
a. Some tests of paints on wires were made for the sp speaker by E. G. 
el Freeman, M. Am. Soe. C. ‘£. , The wires were about No. 8 gauge and cut | 
4 in lengths of about 6 ins. - They were coated with different kinds of 
_ paint and were then fastened together snugly in bundles of seven, The ~ 
interstices were filled and the bundles coated with paint outside. ; 
_ These bundles were fastened to a pile, under the resident engineer’s 
. office, midway between high and low water. They were protected rein 
_ abrasion by floating matter, and were e left in position for six months, 
but not in freezing weather. 
reason for - making the test in this way was that the 
4 obtained would approach, more nearly than any others, the conditions 
—- would be met by the cables of the New East River Bridge. The 
_ wires were found to be corroded even inside, where the interstices had — 
been filled with the paint. There were only one or two § substance —_ 
which stood the test. “One, called “ce cable shield,” the composition of 
_ which the speaker knows, but is not allowed to divulge, withstood | 
abrasion and corrosion perfectly. _This material was as the 
ia cov erin 
Has the author used Lucol oil in any of his experiments? — 
pi 24 The speaker has had some trouble in having paint applied prop- 
erly. _ Having secured an honest manufacturer and obtained from him > 
_ the required paint, he has found that a further requisite was the right — 
— of a man to apply it. The speaker has had structures painted — 


a) _ and has found that after six months the pigment could be rubbed off 

 -= the hand quite readily. In the next specification prepared by 
the speaker he has concluded pe insert a clause requiring the paint 

= to have an inspector present all the time to see that the 
_ ~paint is ‘properly. put on. In this way it may be possible to fix 

if the work is not satisfactory. 

Hill. Gerorce Hix, M. Am. Soc. C. E.—The author has said that he 
considers these tests a fa fair criterion by which to. judge « of the suffi- 
ciency of the coating, as applied to structural material exposed to the 

air orthe elements. What time relation is considered by him as exist- 

ing between the exposure to fresh or salt water and the exposure _ 
aoe exist, for instance, in the ‘Steel ‘Skeleton of a verre 


— 

| 
> 

3 

4 

4 
a 
years in water and one or two years to air most of the coating has dis- 
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a how many years will it take to produce a like wenult if the Mr. Hill, 
material i is partially protected from corrosion? 
Further, would all the protective coverings show the same 
deterioration under the conditions existing in buildings as they show me 
when subjected to t the direct action of of fresh and salt water _, < 
_ observ ation, and has used it quite extensively (for the last three years 
exclusively for exterior work and metal covering), and has found that 
it gave better results than any of the other oils. The speaker would © 
dike toa ) ascertain the author’s general \ views in regard to oil as compared — 
me =i ‘with varnish. If the author’s statements in regard to recent structural  . 
work in New York City are taken without qualification, it may be said | 7 
= the life of the largest, or best, office buildings will be about twenty .? 
_ years, if the conditions under which the exterior supporting columns - 
are installed aresuch as to subject these columns to a certain — + ‘ 
that is to say, if they are placed with their outer edges from 8 coo 
ins. from the exterior walls. The general practice is not to make - 


the and the brickwork was be filled in 
4 quently with Portland cement, which would be, without doubt,a 
-_—_- sufficient protection if the column were not otherwise protected; but d 
a film of paint b between the metal and the Cement the speaker 
In New York City the practice, which i is nearly universal, is to use 
one of the paints or, occasionally, Smith’s durable metal coating, but | 
‘if these have a life of approzimately caly ¢ twenty years, the New York York - 


_ The paper does not indicate what should be done, yet some lesson 


‘should be derived from these tests to show what the practice ought — 
be, for not want to for only ten, fifteen or ey even 
- a Ww. SKINNER, M. Am. Soe. C. E. —In New York City the general Mr. Skinner. 
a practice is to protect from moisture quite effectively certain parts of a) v2 we 
steel | work of office buildings. of the grillage foundations, 
for instance, are bedded in concrete, and frequently the metal surfaces 
are also plastered. The wall columns, in many cases, are only 
) — by paint, but in other cases there is a special protection. =; 
_ Inthe St. Paul Building, for instance, there is a tile casing around — 
on columns and also a coating of asphalt, or some kind of fibrous — 


ee THomas D. Prrrs, J un. Am, Soe. C E.—The a omnes states that im 1 Mr. F Pitts, 


oy. while those exposed in salt water were sieeed horizontally. 


— 
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| 
Mr. Pitts. Was there any special ; reason for so placing the latter? _ There would 
a - necessarily be a deposit of silt on the upper surfaces of these | plates” 
é which would the it would also p prevent 
on ‘where they cannot get a hold. the silt 
- deposit would not necessarily be uniform on all the plates, s sO that they e 
would not all have the same | degree o of protection. 
a - This being true, would not more uniform conditions be secured by 
_4 placing all the plates vertic ally? 
Mr. Grorce M. Am. Soc. C. E. (by letter).— —The subject of 
i. )|6|CM protective coatings for iron is one of gre at depth, the surface of which = 
has been little more than scratched. The universal use of iron, 
such div erse purposes divides the subject into a number of problems — 
~door condi- 


fac eturing ‘presents well very different 
herein the absence of the direct heat light of the sun, and the 


- drenching of rain, is offset by the presence of deleterious and corrosive | 
gases. . The protection of the skeletons of steel-framed buildings forms 


are ‘the of ironwork ‘submerged in water, and ironwork 
alternately submerged and exposed, as by the fluctuation of tides. _ 
ee ‘These probleme present such dissimilar features that the results of 


of possible auuaiela under one of the others, 
a This paper presents some valuable and instr uctive data relative to 
the protection of iron completely submerged. 
Charles B. Dudley, M. Am. Soc. C. E., Professor Spennrath and 
a others: have shown the effect: (of submersion in water on a linseed oil 
film, manifested in the softening, wrinkling and loss of adhesiveness 
_ ofthe film. This receives abundant confirmation in the blistering end : 
a separation of the coats, so frequently noted 
ks t) By far the greatest enemy to paint coatings on iron is the well- 
known and uncontrollable propensity of the metal to: rust when in a 
_ presence of oxygen and moisture, | which is so fierce as to _produce, by | 
s some sort of endosmotic and exosmotic action, the rusting of the iron 
" and deposition of the oxide on the outside, through the pores of sl 
 tective coatings of other n metals, | such as as tin, zine or lead. i Bright : iron 
will not rust in an atmosphere of pure oxygen, nor will it rust when a 
_ immersed in distilled water, and it is questionable whether the scanty 
- amount of air ordinarily held in suspension by riv er or sea water would 


2 

a 

> 
— 
| 
| 

| 
tions of sunshine, rain, dew and variations of temperature 1s the most 

usual problem. The protection of ironwork in the indoor exposure 
| 
i 
J 
j 

— 

| 

| 
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=) be sufficient to make the test as sev ere as it would be under conditions Mr. Tatnall. _ 
¥ part wet and part dry, or even under those of ordinary outdoor expos- 
ure. In support of this, it can be stated that similar plates, to the 
Rb _ knowledge « of the writer, covered with two coats of some of the same > 
_—~ipaints mentioned in these tests, passed to complete destruction in 
from 6 to 12 months in ordinary outdoorexposure, 
Almost invariably, the protective value, to iron, of a — paint, is 
_ destroyed in outdoor exposure by the penetration of moisture and air 
4 through the pores of the coatings; causing the formation of rust spots, 
as at first, but increasing in size and number, and spread- 
ing and joining together under the film, until it is thrown off in flakes 


or shreds, — before its good — as a paint have es 


regards the protective value of that film to the iron it. 
‘The large number of samples, in these tests of submerged exposure, B 
in which it was noted that the coatings had been destroyed and very — 
- little or no rusting manifested, would see m to indicate tha that the pro- 
cesses of destruction were different in this than in other « exposures. 
a 7 The film seems to have been destroyed before the rusting commenced, 
but how? The almost invariable presence of blisters, or separation of 
= _ the two films from each other and from the » metal, shows conclusively 
4 the same softening, ;, loosening, at and wrinkling » action on these films, as 
7 occurred in the case of linseed oil films on glass submerged in water, in 
_ the experiments of Dr. apna But it has oe not — so 


the: natarally occurring chemical by the combination of 
4 any or all of these causes, become to any extent soluble in water? = 
the gums are exceedingly unreliable and uncer- 


a be shown cleesiy by these tests: that the | addition of the best of them 


~ to linseed oil is of great benefit to the latter in 1 resisting the soaking ~ 
destruction of submersion, by influences this be caused. 


Oscar Low1nson, 


to the outside surface of a porous jar which ' was afterw ard filled with 

_ &concentrated solution n of sulphate of soda and the solution allowed to a 
ev vaporate. e. After a y period of two weeks the interior of the jar was 

full of crystals, and with the exception of half an inch from the top of a 


— 

— 

— 

Zz 

im 

— 

i 

from the metal, or some half-peeled remnants would have been found. 
7 The absence of any explanation for this rustless destruction of the ~ — 
film in submerged tests, as well as certain unexplained phenomena =” — 

| 

7 ASSOC, IW. AM. U Speaker has lade Mr. Lowinson, 

_& Dumber of tests of a new paint, and with a view to determining ve a 

— 


was still t and ed “signs of having in way 
penetrated. _ This experiment was repeated with the same j jar half a . 
_ dozen times with the same results. A corresponding jar to which no 1 
paint was applied emptied in about 30 hours, both the inside and out- 
In order to. ‘determine Ww hether this material could be used as asub- a 
stitute for furring, a brick coated with it on its top surface was plastered 4 a 
a 4 directly on the paint and immersed to one-half its depth in a vessel — 
- containing water, until all the water, including that which the brick oD 
absorbed, had been evaporated. . This proc ess took a week, and 
; _ showed absolutely no effect on the plaster. The plaster adhered so 
7 be 4 strongly to the paint that it could not be dislodged without mele 
> similar | brick was plastered without paint, a ‘the 
became loose and detached from the brick. 
_ “Furring,” which is used on the inside of exposed walls of weil 
ings to prevent moisture from attacking the plaster and thereby 
disintegrating it or staining the finished wall surface, can be dis- 
_-pensed with by the use of this paint on the wall surface and the 
- direct application of the plaster upon it. The speaker also uses it 
- on the back of limestone set in masonry to. prevent the discoloration 


of the wall, which occurs when any other cement than the expensive — 


_ The paint also a) appears to resist the attacks of moderate acids and E 
alkalies, and herein differs apparently from the ee mentioned by 

 Twoe oats were applied on arusty, cast- -iron, fire -pipei in front 
of a building in New York City where it has stood for a year without 
_ flaking or showing rust spots, and when last examined by the speaker 
it was still hard and adherent, and to all appearances had stopped | 5 
: _ The speaker has not been converted to the theory of the authorthat 
7 laboratory tests are not of much value. He firmly believes in exposure s 
_ tests, but, i in order to satisfy himself, deems it his duty, when ex- 
@ amining a material like paint, to make such tests as he thinks w would 
give a an imitation of the. action of the elements. 


Mr. H. Sazry, Assoc. M. Am. Soc. C. E. (by letter). —None of 


tests in 8 in this series was made with the samples s alternately v wet and dry. 
Some e experiments, however, were made by the writer: by coating bun-— 
dles of wires, which were then attached to piles in the sea water in — 
_ such a way that one end of each bundle was under water constantly, — 
while the upper parts were exposed to the air at low ti tide. . The con- 
Gatain reached from this and other | experiments: was, that the p ga 
_ tective effect of the coatings was not lessened by the iaterniioen 
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exposure, | but that damage was done by floating objects in the water Mr. ed 
which persistently batter off the ‘coating at the water- line. secured 
= against such effects protection is possible. This is probably the | 
; _ reason why iron piles rust off near the water- line; they are constantly — 
- battered by logs o of f wood we other floating matter which the waves _ 


a plate, while the other (the upper) side was kept free and cone 
clean, There was no considerable deposit of silt on these plates. In 
“this w vay the exact effect of the organisms could be determined. The 

“ie, ‘ plates put in fresh water were laid in a vertical position because it w a 
“a unavoidable under the circumstances, but as fresh water organismsare __ 
comparatively rare and did not attack the plates, it was no serious ob- Fe 
j jection. The most serious trouble in these experiments was t the i injury - 4 
to the coating on the e edges of plates caused by floating objects in the — ‘- 
. a“ water. This was sufficient, in some cases, to obscure the real value of : 
_ the coatings, which were removed mechanically from the edges toward 
the middle of the plates. The writer is of the opinion that, hereafter, 
= ‘plates: to be tested, which should not be in any case less than 3 
, thickness, and should not be smaller than those used in this said nthe q 
‘ & larger the better—should each be put in a frame such as used for the , 


slates of school children, in order to protect the edges as 


possible. 
‘It is sssiitilie impossible to give any ‘definite answer to Mr. Hill’s 
question. _ The exposure in steel frame buildings is extremely variable. 
hydraulic cement mortar, unquestionably, affords a 


di “great deal of protection, because it is alkaline, and alkalies do not; rust > re 


iron; and also because it prevents much circulation of air, though 


does not do so absolutely. Ordinary lime mortar is sovery porous 


_ that its value is much less; and brick and tile vary so much in porosity = 
‘that 1 no about can be made. The care with which © 


Tt seems to ‘the writer 


ie metaldry. It is not possible to keep a bridge or similar structure — 
dry, but it is possible w ith the steel frame of a building; if it is 7 
dry it ought not to very fast. Foundations which are 
; ‘placed | as to be alws ays damp should have their steel work bedded wy 
in cement, which should be of as ‘Perfect quality and as great thick- 
: re The wi riter does not share in the prejudice w which some have against — 
painting metal which is to be covered with cement; it is not likely that 
the latter has any mysterious action on the iron, but acts as any other A 
——— coating does; and it is well known that some paints which . 


+> 


— 
J 
= 
a 
7 — 
— 
4 
— 
— 
— =. 
a 
— 
— 
| | im 
Py 
— 
a 


468 DISCUSSION ON PROTECTION OF STEEL AND ALUMINUM. | ee 
q 


The writer has not used Lucol oil, and hence has nothing more ee 
substantial than a prejudice against it. He has preferred to keep to 
- the use of materials of known composition, and which he thinks have a 3 
yielded the best results up to the present time. It is well known, as rae 
has been pointed out by Mr. Tatnall, that oil-paint films are somewhat : 
‘ porous, and are often thrown off by corrosion underneath; and it has_ 
been the writer’s aim to produce films which would not be open to | 
that objection, but would protect the metal until the film itselfiscom- __ 
_ pletely destroyed. The object of this paper is to show how this may __ 
: be accomplished by the use of well-known materials, combined by © 
well-known processes, 
The writer cannot at all agree with the statement that the use of 
~ varnishes is a matter of great uncertainty, but, in fact, believes the — 
opposite, and desires by these tests to show what products are most ‘Na 
- suitable for use on engineering structures. Furniture made 150 years — 
BBO by the celebrated Martin, of Paris, is still distinguished by its _ 
beautiful varnish; while violins, ranging from 200 to 300 years old, are 
still covered with the varnish originally applied to them. Such 
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